Objective: To describe a novel method to locate the malar eminence using 3-dimensional computed tomography (3D-CT), and a new axis system for evaluation of malar eminence symmetry.
T

HE MALAR EMINENCE IS DE-
fined as the most prominent portion of the zygomaticomaxillary complex. 1 It dominates the lateral midface, defines cheek projection and contour, and has an important role to play in ocular globe position and in mastication. 2 It is of surgical interest in facial trauma and aesthetic surgery because the zygoma is the second most frequently fractured facial bone, 3 and the midface is the center of the gaze in humans, rendering it crucial for judgments of symmetry. 4 Objective facial analysis is essential for preoperative planning and postoperative evaluation. Several techniques have been described to precisely locate the malar eminence using intersecting lines. 5 A major drawback of these techniques is that 2-dimensional (2D) lines are used to locate a 3-dimensional (3D) structure. A more reliable technique using palpation was described by Nechala et al 6 and consists of identifying a landmark termed the maxillozygion. The maxillozygion is localized at the most prominent point on the maxillozygomatic suture line below the lateral third of the bony orbit.
Initial facial assessment includes evaluation of symmetry. However, traditional techniques for evaluation of malar symmetry, whether by palpation, photometry, or cephalometry, are subject to distortion due to structure overlap, magnification, and dependence on the patient's head position. 7 Techniques using 3D computed tomography (3D-CT) provide actual measurements, spatial 3D image production, ability to change the rotational axis, and independent observation of organs and structures. 8 However, to our knowledge, no technique has been described to identify the malar eminence using 3D-CT to evaluate its symmetry. In this study, we describe a novel method to locate the malar eminence using 3D-CT and a new axis system to evaluate its symmetry.
METHODS
We conducted a retrospective case series at our hospital center. We included white patients older than 18 years who had had a CT scan of the face in the past 2 years. We selected patients to obtain a proportional age distribution. We excluded patients with history of craniomaxillofacial trauma, deformity, or surgery, including sinus surgery. Moreover, no craniomaxillofacial abnormality or asymmetry was detected on the scans by the radiologist.
The CT scans were acquired using a General Electric LightSpeed VCT scanner (spiral acquisition, 1.25-mm pitch, 120 kV). The console used to reconstruct the scans in 3 dimensions was a General Electric AW2. A volume-rendering technique was used to create the 3D images. Both skeletal and soft-tissue reconstructions were available. Using the reporting tool, we visually selected the appropriate landmarks on the volume rendering viewport (3D model). The axial, sagittal, and coronal views were used to confirm correct placement of the landmarks. The 3D model was rotated to give us the best possible angle to assert the location of our marker. All measurements were taken in triplicate by the same observer (F.D.). The mean (SD) values for each landmark were calculated and used for further analysis.
For precise and reproducible localization of the maxillozygion, a 3D reconstruction view was obtained and looked at from a superior three-quarters view. The most prominent point on the zygoma below the lateral third of the orbit was identified and selected ( Figure 1A ). The position of this point was then verified as being the most anterior on 2D axial, coronal, and sagittal views ( Figure 1B -D, respectively). The soft-tissue maxillozygion was obtained using the anterior projection of the skeletal maxillozygion.
Other identified landmarks included the frontozygomatic suture (the most anterior point of frontozygomatic suture on the orbital rim), the zygion (the most lateral point on the zygomatic arch), and the orbitale (the lowest point on inferior orbital rim). The soft-tissue projections of these landmarks were also identified. These landmarks are represented in Figure 2 .
Three skeletal landmarks were used to produce a patientoriented axis system: the nasion (the point of nasofrontal suture on the sagittal midline), subspinale (the most posterior point of the alveolar process on the sagittal midline), and the basion (the most anterior and inferior point on sagittal midline of foramen magnum). Using these landmarks, we developed a patient-oriented axis system centered at the nasion to compensate for the patient's head position.
The y-axis is the line passing through the nasion and subspinale. The z-axis is the projection at the nasion of a line passing through the y-axis and the basion. Finally, the x-axis is a line perpendicular to the y-and z-axes at the nasion. The axis system is represented in Figure 3 . An open source program developed at the 3D Vision Laboratory at the Université de Montréal provided patient-oriented coordinates for each landmark according to this reference system.
The spatial positions for all landmarks were compared between the right and left sides of the patient's face using a t test. Clinical asymmetry was defined as at least a 2-mm difference in any axis. According to the literature, this difference can be detected by an experienced clinician 50% of the time. 9 
RESULTS
The patient distribution according to sex and age is presented in Table 1 . The mean (SD) age for men is 41.1 (13.6) years and for women is 41.3 (15.5) years. The mean differences between skeletal and soft-tissue landmarks in all axes are presented in Table 2 .
According to our definition of clinical asymmetry, the prevalence of clinical asymmetry for the soft-tissue maxillozygion is 40.5% (95% CI, 25.0%-56.0%). All points presented a prevalence of asymmetry ranging from 24.0% (95% CI, 10.0%-36.0) to 50.0% (95% CI, 34.0%-66.0%). The asymmetry prevalence for individual points is presented in Figure 4 .
COMMENT
To our knowledge, this is the first study in the literature to localize the soft-tissue maxillozygion using 3D-CT. Initially described for localization by palpation, 6 the softtissue maxillozygion can be easily localized using a 3D-CT reconstruction model by identifying the skeletal landmarks.
The identified prevalence of soft-tissue maxillozygion in our study (40.5%) is similar to the prevalence identified in the initial study by Nechala et al. 6 Depending on the reference point used to evaluate symmetry, maxillozygion asymmetry rates ranged from 29.7% to 40.5% (vertex, opisthocranion, tragion). 6 Using a very Landmark coordinates were obtained in triplicate by the same observer to increase accuracy and decrease information bias. Moreover, patients were selected with a proportional age distribution to eliminate a selection bias toward older individuals because most patients who undergo evaluation at our hospital are older than 40 years. Selection bias was further eliminated by the retrospective nature of the study because patients had already undergone CT scanning of the face.
No consensus has been reached in the literature on the ideal 3D-CT reference axis to use to evaluate symmetry between landmarks. However, most studies use at least 1 of the following points: nasion, basion, and sella turcica. 8 To our knowledge, our study is the first to describe a reference system using the nasion, basion, and subspinale.
Care must be taken when using cranial base reference points to correlate with visible facial asymmetry. Some axis systems do not correlate with visible facial asymmetry, defined as a 1.0-mm difference. 10 Six frequently used axis systems in the literature were described in the study by Damstra et al. 10 However, most of these systems usually use the sella turcica as a reference point, which we did not use. Our system has not been shown to be unrelated to visible facial symmetry to date.
Two major disadvantages of using 3D-CT as an evaluation tool are the high cost and radiation dose. However, these are improved by using cone-beam CT, which can be conducted using a dose as low as 40 to 50 uSv, which is similar to the range of a conventional dental radiographic examination. 7 Ideally, 3D evaluation using stereophotometry would be a precise method to localize 3D structures with no radiation exposure.
In a future study, it would be interesting to study the relation between calculated malar asymmetry using 3D-CT or stereophotometry, and asymmetry that is perceived by the clinician, the patient, and laypersons. Moreover, it would be interesting to evaluate the clinical impact and relevance of malar eminence asymmetry.
In conclusion, the malar eminence can be easily located using the 3D-CT soft-tissue maxillozygion landmark. A reliable, patient-oriented axis system can be defined using the landmarks nasion, subspinale, and basion. In our study, the prevalence of malar eminence clinical asymmetry using the soft-tissue maxillozygion reference point is 40.5%. 
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